Quantitative studies in the past have indicated that the newborn human infant cannot be readily immunized against diphtheria or tetanus toxoids (1) (2) (3) . It has been shown recently, however, that such newborns can usually be immunized to Salmonella antigens (4) and to certain viruses (5) and inconsistently rendered delayed-type hypersensitive to 2,4-dinitrofluorobenzene (6) . These observations suggested that the incompetency of the newborn might be related to the type of antigen employed. It would be desirable, therefore, to study quantitatively the antibody response of newborns to an antigen likely to be an effective immunizing agent.
Bacteriophage Ox 174 appeared to be an ideal antigen for this purpose, since minute amounts are highly antigenic for guinea pigs (7) , and the assay for antibody is quantitative and extremely sensitive (8) . When this bacteriophage was used for immunization, it was found that newborn premature infants produced antibodies as promptly and in as large amounts as did older children.
MATERIALS AND METHODS
Phage. Bacteriophage OX 174 was grown in Escherichia coli strain C in glycerol-casamino acid medium (9) . The (10) . This purified stock preparation was kept at 40 C in ammonium acetate buffer, pH 7.4, containing 0.01 per cent gelatin and 0.001 M calcium ion. Two phage stocks were used in this study: a preparation containing 2 X 1010 plaque-forming particles per ml in the first experiment and a preparation containing 4.5 X 1011 in the second. After purification, both preparations proved to be sterile upon bacteriologic culture. These bacteriophage preparations were extensively tested in guinea pigs, rabbits, and adult humans, and were found to be free of pyrogenicity, phlogogenicity, and any depressive effect on peripheral blood elements. In this paper, the number of phage particles will refer only to the plaque-formers. Immunization. Newborn infants from the Premature Unit, and children, 2 to 10 years old, from the pediatric wards of Bellevue Hospital were studied. The older children were usually recovering from a viral upper respiratory infection. Dilutions of phage in saline were injected intramuscularly. Blood was obtained by heel or venipuncture before and at intervals after immunization.
Antibody titrations. The assay for antibody was carried out by the method described by Adams (8) . The inactivation of phage by antibody follows first-order kinetics which is described by the relationship, In (Pt/P0) = Kt/D. PO is the phage assay at zero time; Pt is the phage assay at time t minutes; D is the final dilution of antiserum; and K minutes-' is the first order inactivation constant. The conditions necessary to obtain this exponential neutralization have previously been described (7) . K, which is independent of dilution, is considered to be a measure of neutralizing antibody except, perhaps, for highly dissociable antibody.
One problem that was noted late in this study was a fall in the antibody titer of serum that had been stored at -200 C for more than several months. For this reason, for one serum that had to be retitrated 1 year later to determine the physicochemical properties of the antibody, the K values so obtained were adjusted with regard to the original level to permit a valid comparison. Double diffusion in agar was performed by the method of Preer (11) . The tubes were kept at 4°C and observed for 2 weeks. The bacterial antigen preparation used for diffusion studies was prepared from a freshly grown E. coli C culture in nutrient broth which contained 5 X 10' organisms per ml. After sonication at 10 kv for 8 minutes, the supernatant was diluted 1:10 before use. to 16 hours. The fractions were collected through a small perforation placed at the bottom of the centrifuge tube. Protein concentrations were determined by the Folin-Ciocalteu method (13) . Samples were then pooled so as to obtain a rapidly sedimenting fraction that was rich in 19S y-globulin and essentially free of 7S 'y-globulin molecules, and a second fraction that contained the bulk of 7S 'y-globulin and only small amounts of 19S 'y-globulin. An intermediate fraction containing a mixture of the two types of molecules was not used. The purity of the three fractions was checked by capillary precipitin tests with antisera specific for 19S 'y-globulin and antisera prepared to 7S 'y-globulin (14) . The fractions were exhaustively dialyzed against normal saline prior to assay for antibody activity.
Preparation of antibody against human 7S and 19S
'y-globulin. Antiserum As can be seen in Table I , the antibody response to 4X appeared to be generally similar in the newborn premature infants, even when they were immunized immediately after birth, and in the older children. All subjects in both experiments showed easily detectable serum antibody at (16) . Sera from four newborn premature infants and from four older children obtained at 1 and 4 to 8 weeks after immunization were treated with 0.8 per cent 2-mercaptoethanol and subjected to ultracentrifugation in a saline density gradient. Two sera from one premature infant were also treated with rabbit antibody that was specific for either human 7S or 19S y-globulin. The anti-+X content was determnined for all sera before and after these procedures. 
DISCUSSION
The studies reported here indicate that the antibody response to OX is remarkably similar in newborn premature infants and in children 2 to 10 years of age in the following respects. a) The amount of antibody produced by 1 week after immunization was 103 to 104 times the minimal detectable amount, and antibody levels continued to increase for at least the following 2 to 3 weeks. These results are similar to anti-+X formation in the guinea pig, in which antibody can be detected as early as 24 hours after immunization (7) , which suggests that anti-+X production in the human may also begin at this early time. b) Re challenge with 4OX provoked a typical secondary response in the one infant and one older chilc tested. c) The physicochemical characteristics of anti-+X molecules formed during a primary response to 109 phage particles changed during 2 to 6 weeks after immunization from molecules belonging to the 19S class of y-globulin to those of 7S sedimentation constant.
These results are in striking contrast to previous quantitative studies of the antibody response to diphtheria and tetanus toxoids in the newborn and older child (1-3) . The latter studies suggest that the premature or full-term newborn cannot form detectable antitoxin during the first month of life. For example, after injection of 125 ,ug of diphtheria toxoid on alum, antitoxin cannot be detected for 4 to 10 weeks after birth in newborns, whether premature or full-term, while in older children, 0.05 to 0.1 U of antitoxin is usually present within 2 weeks after immunization. The marked difference in the immune responses of the premature newborn human to bacteriophage OX 174 compared with tetanus or diphtheria toxoid may be accounted for by immunization procedure, sensitivity of the assay system, or nature of the antigen. It would be unlikely for the immunization procedure to be the cause of the differences observed since the larger dose of toxoid (125 ug toxoid protein compared with approximately 10-2 Mtg phage protein) and the use of alum would be expected to enhance rather than suppress antibody formation. Although it has been shown that increasing the dose of antigen may result in a delay of detection of an immune response (7), such a mechanism would not account for an immunologic paralysis lasting 4 to 8 weeks. Difference in sensitivity of the antibody assays can be excluded because of the finding of precipitating antibody to OX within 1 week after immunization. This observation indicates that such sera contain at least 1 ug antibody nitrogen per ml (17) ; an equivalent amount of diphtheria antitoxin can be easily measured by the extremely sensitive technique of toxin neutralization in rabbit skin, which can detect as little as 0.0025 Mig antitoxin nitrogen per ml (18 (22, 23) , to Salmonella in the human (24) , and to OX in the guinea pig (7).
The present studies indicate that a viral antigen in the human will produce a similar pattern of response, and that the premature newborn infant, although not mature immunologically, is capable of a 19S y-globulin antibody response indistinguishable from that of an older child to one type of antigen. In this respect the results presented here differ from those of Smith (4) , who found that the early 19S antibodies to Salmonella antigens were still active after depolymerization to the 7S state. The reason for this difference is not apparent at this time.
It has also been shown that a similarly early 19S type of antibody response to OX can occur in nonmammalian vertebrates (19) . Thus, the early 19S antibody response is a general immune response of many species to some, if not to all, antigens and appears early in the development of the immune mechanism. It will be of particular interest, therefore, to examine more primitive species and other embryos or newborns for their capacity to form 19S and 7S types of antibody.
SUM MARY
Premature newborn infants and older children show a similar antibody response to injection of minute amounts of bacteriophage OX 174 as judged by the following criteria. 1) Easily detectable neutralizing antibody is produced during the first week; 2) the titer rises for an additional 2 to 3 weeks; 3) an efficient secondary antibody response can be achieved by reimmunization 6 weeks later; 4) a change occurs in the molecular species of antibody, from 19S to 7S sedimentation constant 2 to 6 weeks after immunization. These observations contrast with past studies demonstrating newborn incompetency toward other antigens.
